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于 2011 年 4 月和 8 月，在北部湾北部海域进行了 2 个航次的调查，测定了
各种水文、化学和生物要素。调查结果表明，氮营养盐在琼州海峡入口处和防城
港附近海域浓度较高，春季在海南岛西北部甚至超标，春季溶解无机氮（DIN）、
总溶解态氮（DN）和总氮（TN）的平均含量分别为 7.93 µmol/L、21.9 µmol/L
和 28.9 µmol/L，夏季分别为 2.54 µmol/L、11.5 µmol/L 和 16.8 µmol/L。活性磷酸
盐（SRP）在春夏的平均含量均为 0.06 µmol/L，低于浮游植物生长阈值，且营养
盐比值均偏离 Redfield 值，因此磷成为该海域营养盐绝对和相对限制因子。春季
溶解态硅酸盐（DSi）的含量为 2.12 µmol/L，夏季有径流输入补充，增加至 5.18 
µmol/L。广西近岸港湾的营养盐在 1990~2010 年期间浓度呈上升趋势，特别是氮。 
春季水体中 DIN 的主要形态为硝酸盐（NO3-N），比例达 55.0%，夏季为铵
盐（NH4-N），占 49.8%；DN 和总溶解态磷（DP）都以溶解有机态为主，分别













































Beibu Gulf is a natural semi-enclosed bay of China which located in northwestern 
of the South China Sea. The Gulf which is in the Beibu Gulf economic cooperation 
zone is being significantly affected by urbanization, industrialization and agricultural 
activities in recent years and suffering increasing pressure on the water environment. 
In order to develop a more reasonable and scientific total amount of nutrient solution 
discharging into the sea control plan and marine environment quality evaluation 
system, a systematic study of the distribution, circulation and structural characteristics 
of nutrients in the Beibu Gulf are required as well as an objective assessment of the 
eutrophication status and the pressure of the Beibu Gulf. 
Two voyages were held in April and August, 2011, and hydrological, chemical and 
biological factors were obtained in the northern Beibu Gulf. The findings suggest that 
nitrogen nutrients have a higher concentration in the entrance of Qiongzhou Strait and 
the waters near to Fangcheng Harbor, while in spring even exceeded the standard 
value of Chinese standard seawater quality in northwestern of Hainan Island. In spring, 
the average concentration of dissolved inorganic nitrogen (DIN), total dissolved 
nitrogen (DN) and total nitrogen (TN) is 7.93 μmol/L, 21.9 μmol/L and 28.9 μmol/L, 
respectively, and 2.54 μmol/L, 11.5 μmol/L and 16.8 μmol/L respectively in summer. 
The average concentration of reactive phosphate (SRP) in the spring and summer both 
are 0.06 μmol/L, which below the threshold of phytoplankton growth. Furthermore, 
the nutrient ratios deviates the Redfield value, so that phosphorus becomes the 
absolute and relative nutrient limiting factor in the studied waters. Concentration of 
dissolved silicate (DSi) is 2.12 μmol/L in spring and up to 5.18 μmol/L in summer 
since the runoff input supplement. Nutrient especially nitrogen concentration in 
coastal waters of Guangxi is keeping an upward trend in the period from 1990 to 
2010. 
In spring, the main form of DIN is nitrates (NO3-N), which occupied a proportion 
of 55.0% while in summer is ammonium (NH4-N), accounting for 49.8%; The main 
forms of DN and total dissolved phosphorus (DP) are dissolved organics, accounting 
for 63.8%~77.8% and 77.0%~88.5%, respectivel; And the main form of TN is 
dissolved species, while the total phosphorus (TP) in spring is mainly particulates and 
















role in the ecosystem of the studied area. As the result of the analysis of nitrogen and 
phosphorus cycling, the biochemical purification capacity of the water is stronger in 
spring than summer. 
Meanwhile, the study found the place that under maximal nutrients pressure is 
Lianzhou Bay (Nanliu River estuary), then is the entrance of Qiongzhou Strait and the 
water near Fangcheng Harbor when combined single indicators and comprehensive 
index method to assessment the nutrients pressure on each region; When assessed by 
potential eutrophication level model, for the gulf which total dissolved content is very 
high but the inorganic content is below the threshold for phytoplankton growth, the 
evaluation would be more reasonable to use the total dissolved nutrients rather than 
dissolved inorgnic, and the results of this study shows the studied waters is in a 
moderated nutrition state, but phosphorus limitation was existed in spring; At the 
same time, this paper applied pressure-state-response model evaluated the nutrients 
pressure strength of the entire sea half-quantitatively, with a result is moderate. 
Employing the principal component analysis method to analyze the surveyed data, 
the results show that the key factors affecting the ecological environment of the 
northern Beibu Gulf are dissolved oxygen (DO) and DN, and nitrogen nutrient 
revealed the maximum pressure; Critical areas are located in the northwest of Hainan 
Island (the entrance of the Qiongzhou Strait), southeast waters of Weizhou Island and 
the waters near Fangcheng Harbor take the second place; Spring is the key season, 
which need control the input of nitrogen, and followed by summer that need control 
the concentration of phosphorus. 
 
Key words: Beibu Gulf; Nutrient; Distribution feature; Principal component analysis; 
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and Rabalais, 1991; Humborg et al., 1997），以及围填海等工程破坏海岸带和海洋
生态环境。总之，人类活动对海洋生态环境造成了严重影响，特别是河口、海湾
等近岸海域的污染和富营养化现象的产生，使得赤潮和季节性底层缺氧等环境问
题日益突出（Billen et al., 1999; Rabalais et al., 2001; 张莹莹等，2007; Conley et al., 
2009）。目前，人为活动加重了海洋生态系统承受的压力，改变了水体的营养状
况，引起营养盐比例失调、浮游植物的丰度和多样性下降、种类演替、食物链结







































于不同形态氮具有优先选择性吸收，当 NO3-N 和 NH4-N 同时存在时，浮游植物
优先利用 NH4-N，只有氨浓度<0.5~1 µmol/L 时才利用 NO3-N（Conway, 1977），
而当 NO3-N 和 NO2-N 同时存在时，浮游植物一般优先利用 NO3-N（Syrett, 1981）。
因此，NO3-N 和 NH4-N 是浮游植物主要利用形态，对于一些微藻和细菌溶解有
机氮也是可利用营养盐之一（Paul, 1983）。 
不同形态的氮之间可以通过生物化学反应进行相互转化（图 1.1）：（1）厌氧
氨氧化作用，指 NH4-N 在厌氧条件下以 NO2-N 为电子受体直接反应生成 N2 的
过程；（2）固氮作用，指固氮生物在固氮酶作用下将 N2 转化为 NH4-N 或 DON；
（3）硝化作用，指在有氧条件下 NH4-N 被氧化成氧化亚氮（N2O）、NO2-N 和
NO3-N；（4）异养反硝化作用（脱氮作用），指 NO3-N 还原成 NO2-N 后继续转化
成 N2O， 后转化成 N2；（5）硝酸盐还原作用，指 NO3-N 或 NO2-N 异化还原为
NH4-N。其中，生物固氮作用与反硝化作用分别是海洋氮收支中 重要的源和汇
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生产力需求的重要途径之一，甚至有研究发现水—沉积物界面上各种形态的氮通
量比河流输入要高出 10 倍（Wallast, 1983）。 
 
 
图 1.1 海洋氮循环的主要过程（引自 Voss and Montoya, 2009） 
（1、厌氧氨氧化作用；2、固氮作用；3、硝化作用；4、异养反硝化作用； 
5、还原作用） 
Fig. 1.1 Principal process of the marine nitrogen cycle (Voss and Montoya, 2009) 
(1. Anammox; 2. Nitrogen fixation; 3. Nitrification; 4. Heterotrophic 
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